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ABSTRACT The development of digital technology on the one hand and the introduction of European standards of tests on the other 
hand necessitate estimating uncertainty of measuring channels of information-measuring systems. The article describes the main 
types of analog-to-digital converters. The definition quantitate error, differential nonlinearity, offset voltage, the multiplicative error 
monotony conversion characteristics, aperture errors occur when converting the measurement signals from an analog signal to a 
digital code. A brief description of the metrological characteristics of the ATmega164 microcontroller and his example defines the 
types of errors that contribute significantly to the uncertainty budget under the transformations of the measurement signals coming 
from primary converters controlling slow flowing processes. The analysis of technical documentation ATmega164 microcontroller 
and components defined transformations uncertainty. According to the PM X 33.1405-2005 recommendations for evaluation of 
uncertainty in carrying out metrological works composed uncertainty budget. The formulas for calculating the standard uncertainty 
assessment. The order of calculation of the total uncertainty and the extended analog-to-digital conversion, taking into account the 
coverage ratio. 
Keywords: Uncertainty, Analog-to-digital conversion, the budget uncertainty, standard uncertainty, expanded uncertainty. 
 
ȼɜɟɞɟɧɢɟ 
 
ɋɨɜɪɟɦɟɧɧɚɹ ɩɪɚɤɬɢɤɚ ɢɡɦɟɪɟɧɢɣ ɫɬɚɧɨɜɢɬɫɹ
ɜɫɟ ɛɨɥɟɟ ɰɢɮɪɨɜɨɣ ɂɡɦɟɪɢɬɟɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ
ɨɛɪɚɛɚɬɵɜɚɟɬɫɹ ɢ ɩɟɪɟɞɚɟɬɫɹ ɜ ɰɢɮɪɨɜɨɣɮɨɪɦɟ ɱɬɨ
ɨɛɟɫɩɟɱɢɜɚɟɬ ɝɢɛɤɨɫɬɶ ɜ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɯ
ɢɡɦɟɪɢɬɟɥɶɧɨɣɢɧɮɨɪɦɚɰɢɢɢɡɚɳɢɳɟɧɧɨɫɬɶɤɚɧɚɥɨɜ
ɩɟɪɟɞɚɱɢɢɡɦɟɪɢɬɟɥɶɧɨɣɢɧɮɨɪɦɚɰɢɢɨɬɩɨɦɟɯ[1, 2]. 
Ɉɞɧɚɤɨ ɩɟɪɜɢɱɧɚɹ ɢɡɦɟɪɢɬɟɥɶɧɚɹ ɢɧɮɨɪɦɚɰɢɹ
ɡɚɱɚɫɬɭɸ ɩɨɥɭɱɚɟɬɫɹ ɜ ɜɢɞɟ ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ
ȼɚɠɧɟɣɲɢɦ ɷɥɟɦɟɧɬɨɦ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-
ɢɡɦɟɪɢɬɟɥɶɧɵɯɫɢɫɬɟɦɹɜɥɹɸɬɫɹɷɥɟɦɟɧɬɵɚɧɚɥɨɝɨɜɨ-
ɰɢɮɪɨɜɨɝɨɩɪɟɨɛɪɚɡɨɜɚɧɢɹȺɐɉ 
Ⱥɐɉ ɩɪɟɨɛɪɚɡɭɸɬ ɷɥɟɤɬɪɢɱɟɫɤɭɸ ɜɟɥɢɱɢɧɭ
ɧɚɩɪɹɠɟɧɢɟɬɨɤɫɞɜɢɝɮɚɡɱɚɫɬɨɬɭɜɰɢɮɪɨɜɨɣɤɨɞ
ɉɨɫɤɨɥɶɤɭ ɜɵɯɨɞɧɨɣ ɯɚɪɚɤɬɟɪɢɫɬɢɤɨɣ ɛɨɥɶɲɢɧɫɬɜɚ
ɩɟɪɜɢɱɧɵɯɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣɹɜɥɹɟɬɫɹɧɚɩɪɹɠɟɧɢɟɬɨ
ɢ ɧɚɢɛɨɥɟɟ ɪɚɫɩɪɨɫɬɪɚɧɟɧɧɵɟ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɵɟ
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɢ ɜɵɩɨɥɧɹɸɬ ɮɭɧɤɰɢɸ
ɚɜɬɨɦɚɬɢɱɟɫɤɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɧɚɩɪɹɠɟɧɢɹ ɜ
ɰɢɮɪɨɜɨɣɤɨɞ 
 
ɐɟɥɶɪɚɛɨɬɵ 
 
ɉɪɢ ɩɟɪɟɯɨɞɟ ɤ ȿɜɪɨɩɟɣɫɤɢɦ ɩɪɚɜɢɥɚɦ
ɚɤɤɪɟɞɢɬɚɰɢɢ ɫɨɝɥɚɫɧɨ ɬɪɟɛɨɜɚɧɢɸ ɫɬɚɧɞɚɪɬɚ
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ɩɨ ɤɪɚɣɧɟɣ ɦɟɪɟ ɩɨɩɵɬɚɬɶɫɹ ɢɞɟɧɬɢɮɢɰɢɪɨɜɚɬɶ ɜɫɟ
ɫɨɫɬɚɜɥɹɸɳɢɟ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢ ɩɪɨɜɟɫɬɢ
ɪɚɡɭɦɧɭɸ ɨɰɟɧɤɭ >3@ Ɍɚɤɢɦ ɨɛɪɚɡɨɦ, ɫɬɚɧɨɜɢɬɫɹ
ɚɤɬɭɚɥɶɧɨɣ ɡɚɞɚɱɚ ɫɨɫɬɚɜɥɟɧɢɹ ɛɸɞɠɟɬɚ
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢɡɦɟɪɢɬɟɥɶɧɵɯ ɤɚɧɚɥɨɜ ɢ
ɜɯɨɞɹɳɢɯɜɢɯɫɨɫɬɚɜȺɐɉ 
Ɋɚɫɫɦɚɬɪɢɜɚɹ Ⱥɐɉ ɤɚɤ ɱɚɫɬɶ ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ
ɤɚɧɚɥɚ ɦɨɠɧɨ ɝɨɜɨɪɢɬɶ ɨ ɬɨɦ ɱɬɨ Ⱥɐɉ ɨɛɥɚɞɚɟɬ
ɨɩɪɟɞɟɥɟɧɧɵɦɢ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɦɢ ɫɜɨɣɫɬɜɚɦɢ
ɤɨɬɨɪɵɟ ɜɥɢɹɸɬ ɧɚ ɦɟɬɪɨɥɨɝɢɱɟɫɤɢɟ ɫɜɨɣɫɬɜɚ
ɢɡɦɟɪɢɬɟɥɶɧɨɝɨ ɤɚɧɚɥɚ ɢɧɮɨɪɦɚɰɢɨɧɧɨ-
ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɫɢɫɬɟɦɵ ɂɂɋ ɉɨɝɪɟɲɧɨɫɬɶ
ɩɟɪɟɜɨɞɚ ɢɡɦɟɪɢɬɟɥɶɧɨɣ ɢɧɮɨɪɦɚɰɢɢ ɢɡ ɚɧɚɥɨɝɨɜɨɣ
ɮɨɪɦɵ ɜ ɰɢɮɪɨɜɭɸ ɛɭɞɟɬ ɨɤɚɡɵɜɚɬɶ ɫɭɳɟɫɬɜɟɧɧɨɟ
ɜɥɢɹɧɢɟ ɧɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɢɡɦɟɪɟɧɢɣ ɜɫɟɝɨ
ɢɡɦɟɪɢɬɟɥɶɧɨɝɨɤɚɧɚɥɚ 
Ȼɸɞɠɟɬɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢɩɪɢɩɪɟɨɛɪɚɡɨɜɚɧɢɢ
ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɜ ɰɢɮɪɨɜɭɸ ɮɨɪɦɭ ɛɭɞɟɬ
ɫɤɥɚɞɵɜɚɬɶɫɹ ɢɡ ɨɬɞɟɥɶɧɵɯ ɩɨɝɪɟɲɧɨɫɬɟɣ ɫɜɹɡɚɧɧɵɯ
ɫ ɩɪɢɧɰɢɩɨɦ ɪɚɛɨɬɵ Ⱥɐɉ ɩɨɷɬɨɦɭ ɚɤɬɭɚɥɶɧɵɦ
ɹɜɥɹɟɬɫɹ ɤɨɦɩɥɟɤɫɧɨɟ ɪɚɫɫɦɨɬɪɟɧɢɟ ɫɨɫɬɚɜɥɹɸɳɢɯ
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɝɨ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
 
Ⱥɧɚɥɢɡɥɢɬɟɪɚɬɭɪɧɵɯɢɫɫɥɟɞɨɜɚɧɢɣ 
 
ɂɡɜɟɫɬɧɵ ɢɫɫɥɟɞɨɜɚɧɢɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ
ɢɡɦɟɪɟɧɢɣ ɩɪɢ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɦ ɩɪɟɨɛɪɚɡɨɜɚɧɢɢ
ɜɤɨɬɨɪɵɯɪɚɫɫɦɚɬɪɢɜɚɸɬɫɹɨɬɞɟɥɶɧɵɟɫɨɫɬɚɜɥɹɸɳɢɟ
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ Ɍɚɤ ɜ [3] ɪɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ
ɚɩɟɪɬɭɪɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɚɧɚɥɨɝɨ-ɰɢɮɪɨɜɨɝɨ
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɹ ɧɚ ɪɟɡɭɥɶɬɚɬ ɢɡɦɟɪɟɧɢɣ ɚɤɬɢɜɧɨɣ
ɦɨɳɧɨɫɬɢɩɟɪɢɨɞɢɱɟɫɤɨɝɨɧɟɫɢɧɭɫɨɢɞɚɥɶɧɨɝɨɬɨɤɚȼ
ɫɬɚɬɶɟ [4] ɪɚɫɫɦɨɬɪɟɧɨ ɜɥɢɹɧɢɟ ɲɭɦɚ ɜ ɬɚɤɬɨɜɨɦ
ɫɢɝɧɚɥɟɤɜɚɧɬɨɜɚɧɢɹɧɚɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶɚɧɚɥɨɝɨɜɨ-
ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ȼ ɥɢɬɟɪɚɬɭɪɧɵɯ
ɢɫɬɨɱɧɢɤɚɯ [5, 6] ɭɤɚɡɵɜɚɟɬɫɹ ɬɨɥɶɤɨ ɧɚ
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ Ⱥɐɉ ɫɜɹɡɚɧɧɭɸ ɫ ɜɟɥɢɱɢɧɨɣ
ɤɜɚɧɬɨɜɚɧɢɹ ȼ ɫɬɚɬɶɟ [7] ɩɪɨɜɟɞɟɧɚ ɨɰɟɧɤɚ
ɫɬɚɧɞɚɪɬɧɨɝɨ ɨɬɤɥɨɧɟɧɢɹɲɭɦɚ Ⱥɐɉ ɩɨ ɪɟɡɭɥɶɬɚɬɚɦ
ɢɫɩɵɬɚɧɢɣ ɩɪɨɜɟɞɟɧɧɵɯ ɜ ɫɨɨɬɜɟɬɫɬɜɢɢ ɫɨ
ɫɬɚɧɞɚɪɬɨɦ,(((-94. 
 
ɂɡɥɨɠɟɧɢɟɨɫɧɨɜɧɨɝɨɦɚɬɟɪɢɚɥɚ 
 
Ⱥɐɉ ɩɨɫɬɪɨɟɧɧɵɟ ɧɚ ɪɚɡɥɢɱɧɵɯ ɚɥɝɨɪɢɬɦɚɯ
ɨɛɥɚɞɚɸɬ ɪɚɡɥɢɱɧɵɦɢ ɮɭɧɤɰɢɨɧɚɥɶɧɵɦɢ
ɯɚɪɚɤɬɟɪɢɫɬɢɤɚɦɢɢɪɚɡɥɢɱɧɨɣɫɬɨɢɦɨɫɬɶɸɱɢɩɨɜ 
Ⱥɐɉ ɫ ɚɥɝɨɪɢɬɦɨɦ ɩɚɪɚɥɥɟɥɶɧɨɝɨ
ɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ [8] ɫɦ ɪɢɫ 
ɨɬɥɢɱɚɸɬɫɹ ɜɵɫɨɤɨɣ ɱɚɫɬɨɬɨɣ ɞɢɫɤɪɟɬɢɡɚɰɢɢ
ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɨɞɧɚɤɨ ɬɚɤɢɟ Ⱥɐɉ ɢɡ-ɡɚ
ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ ɜɵɩɨɥɧɹɸɬ ɤɚɤ
ɩɪɚɜɢɥɨɢɥɢɛɢɬɧɨɟɩɪɟɨɛɪɚɡɨɜɚɧɢɟ 
Ⱦɚɥɶɧɟɣɲɟɟ ɩɨɜɵɲɟɧɢɟ ɪɚɡɪɟɲɚɸɳɟɣ
ɫɩɨɫɨɛɧɨɫɬɢ ɬɚɤɢɯ Ⱥɐɉ ɜɟɞɟɬ ɤ ɢɯ ɫɭɳɟɫɬɜɟɧɧɨɦɭ
ɭɞɨɪɨɠɚɧɢɸ ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɭ Ⱥɐɉ
ɩɚɪɚɥɥɟɥɶɧɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɦɨɠɟɬ ɞɨɫɬɢɝɚɬɶ
ǜ9 ɨɬɫɱɟɬɨɜɜɫɟɤɭɧɞɭ 
 Ɋɢɫ± Ⱥɐɉɩɚɪɚɥɥɟɥɶɧɨɝɨɨɞɧɨɫɬɭɩɟɧɱɚɬɨɝɨ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
 
ȼ ɬɟɯ ɫɥɭɱɚɹɯ ɤɨɝɞɚ ɧɟɨɛɯɨɞɢɦɨ ɩɨɜɵɫɢɬɶ
ɪɚɡɪɹɞɧɨɫɬɶȺɐɉɩɪɢɷɬɨɦɫɤɨɪɨɫɬɶɩɪɟɨɛɪɚɡɨɜɚɧɢɹ
ɧɟ ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ, ɢɫɩɨɥɶɡɭɸɬ Ⱥɐɉ
ɪɚɛɨɬɚɸɳɢɟ ɧɚ ɩɪɢɧɰɢɩɟ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ
ɩɪɢɛɥɢɠɟɧɢɹ[8] ɫɦɪɢɫ 
 
 
 
Ɋɢɫ ± Ⱥɐɉɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨɩɪɢɛɥɢɠɟɧɢɹ 
 
ɌɚɤɢɟȺɐɉɤɚɤɩɪɚɜɢɥɨɜɵɩɨɥɧɹɸɬɢɥɢ
 ɛɢɬɧɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɭ
ɬɚɤɢɯ Ⱥɐɉ ɨɛɵɱɧɨ ɧɟ ɩɪɟɜɵɲɚɟɬ ǜ6 ɨɬɫɱɟɬɨɜ ɜ
ɫɟɤɭɧɞɭ 
ȼ ɬɟɯ ɫɥɭɱɚɹɯ ɤɨɝɞɚ ɱɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɧɟ
ɢɦɟɟɬ ɫɭɳɟɫɬɜɟɧɧɨɝɨ ɡɧɚɱɟɧɢɹ ɧɚɩɪɢɦɟɪ ɞɥɹ
ɦɟɞɥɟɧɧɨ ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɨɰɟɫɫɨɜ ɤɚɤɨɜɵɦɢ
ɹɜɥɹɟɬɫɹ ɛɨɥɶɲɢɧɫɬɜɨ ɢɡɦɟɪɟɧɢɣ ɬɟɦɩɟɪɚɬɭɪɵ
ɞɚɜɥɟɧɢɹɨɫɜɟɳɟɧɧɨɫɬɢɜɥɚɠɧɨɫɬɢɞɥɹɞɚɥɶɧɟɣɲɟɝɨ
ɭɜɟɥɢɱɟɧɢɹ ɪɚɡɪɹɞɧɨɫɬɢ Ⱥɐɉ ɢɫɩɨɥɶɡɭɸɬ ɫɢɝɦɚ-
ɞɟɥɶɬɚȺɐɉ[8] ɫɦɪɢɫ 
 
 
 
Ɋɢɫ ± Ⱥɐɉɫɢɝɦɚ-ɞɟɥɶɬɚɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
 
ɑɚɫɬɨɬɚ ɞɢɫɤɪɟɬɢɡɚɰɢɢ ɫɢɝɦɚ-ɞɟɥɶɬɚ
ɩɪɟɨɛɪɚɡɨɜɚɬɟɥɟɣ ɨɛɵɱɧɨ ɧɟ ɩɪɟɜɵɲɚɟɬ ǜ3 
ɨɬɫɱɟɬɨɜ ɜ ɫɟɤɭɧɞɭ N636 ɨɞɧɚɤɨ ɨɧɢ ɩɨɡɜɨɥɹɸɬ
ɩɪɨɢɡɜɨɞɢɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ ɫ ɞɢɫɤɪɟɬɧɨɫɬɶɸ ɞɨ
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ɂɫɯɨɞɹ ɢɡ ɤɨɧɫɬɪɭɤɬɢɜɧɵɯ ɨɫɨɛɟɧɧɨɫɬɟɣ
ɪɚɡɥɢɱɧɵɯ ɬɢɩɨɜ Ⱥɐɉ ɫɨɫɬɚɜɥɹɸɳɢɟ
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢɡɦɟɪɟɧɢɣ ɛɭɞɭɬ ɪɚɡɥɢɱɧɵɦɢ
ɈɞɧɚɤɨɦɨɠɧɨɜɵɞɟɥɢɬɶɨɫɧɨɜɧɵɟɩɨɝɪɟɲɧɨɫɬɢȺɐɉ
ɫɜɨɣɫɬɜɟɧɧɵɟɨɩɢɫɚɧɧɵɦɜɵɲɟɬɢɩɚɦȺɐɉɄɬɚɤɢɦ
ɩɨɝɪɟɲɧɨɫɬɹɦɦɨɠɧɨɨɬɧɟɫɬɢ 
± ɩɨɝɪɟɲɧɨɫɬɶ ɤɜɚɧɬɨɜɚɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ
ɨɛɵɱɧɨ ɤɚɤ ɩɨɥɨɜɢɧɚ ɜɟɥɢɱɢɧɵ ɦɥɚɞɲɟɝɨ ɪɚɡɪɹɞɚ
ȼɆɊ [5, 7]; 
± ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɭɸ ɧɟɥɢɧɟɣɧɨɫɬɶ Ⱥɐɉ
ɤɨɬɨɪɚɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɬɟɦ ɱɬɨ ɜ ɪɚɡɥɢɱɧɵɯ
ɞɢɚɩɚɡɨɧɚɯ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɡɧɚɱɟɧɢɹ ɲɚɝɚ
ɤɜɚɧɬɨɜɚɧɢɹ ɦɨɠɟɬ ɢɦɟɬɶ ɧɟ ɢɫɤɥɸɱɟɧɧɭɸ
ɫɢɫɬɟɦɚɬɢɱɟɫɤɭɸ ɩɨɝɪɟɲɧɨɫɬɶ ɨɩɪɟɞɟɥɹɟɦɭɸ ɜ
ɞɨɥɹɯȼɆɊ>]; 
± ɧɚɩɪɹɠɟɧɢɟ ɫɦɟɳɟɧɢɹ ɧɭɥɹ ɨɛɭɫɥɨɜɥɟɧɨ
ɫɦɟɳɟɧɢɟɦ ɧɭɥɹ ɤɨɦɩɚɪɚɬɨɪɚ Ⱥɐɉ ɢ ɨɬɤɥɨɧɟɧɢɟɦ
ɫɨɩɪɨɬɢɜɥɟɧɢɹ ɩɟɪɜɨɝɨ ɪɟɡɢɫɬɨɪɚ ɞɟɥɢɬɟɥɹ ɨɩɨɪɧɵɯ
ɧɚɩɪɹɠɟɧɢɣɨɬɧɨɦɢɧɚɥɶɧɨɝɨɡɧɚɱɟɧɢɹ>8]; 
± ɦɭɥɶɬɢɩɥɢɤɚɬɢɜɧɭɸ ɩɨɝɪɟɲɧɨɫɬɶ
ɤɨɷɮɮɢɰɢɟɧɬɚ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ Ⱥɐɉ ɨɩɪɟɞɟɥɹɟɦɭɸ
ɤɚɤ ɪɚɡɧɨɫɬɶɦɟɠɞɭ ɞɟɣɫɬɜɢɬɟɥɶɧɵɦ ɢɧɨɦɢɧɚɥɶɧɵɦ
ɡɧɚɱɟɧɢɟɦɤɨɷɮɮɢɰɢɟɧɬɚɩɪɟɨɛɪɚɡɨɜɚɧɢɹ>8]; 
± ɦɨɧɨɬɨɧɧɨɫɬɶ ɯɚɪɚɤɬɟɪɢɫɬɢɤɢ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɤɚɤ ɧɟɢɡɦɟɧɧɨɫɬɶ ɧɚɩɪɚɜɥɟɧɢɹ
ɩɪɢɪɚɳɟɧɢɹ ɜɵɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ ɦɨɧɨɬɨɧɧɨɦ
ɢɡɦɟɧɟɧɢɢ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ɩɪɢ ɧɚɥɢɱɢɢ ɲɭɦɨɜ
ɭɫɪɟɞɧɟɧɧɨɝɨ ɩɪɢɪɚɳɟɧɢɹ ɨɩɪɟɞɟɥɹɟɬɫɹ ɤɚɤ
ɜɟɥɢɱɢɧɚ ɡɚɜɢɫɹɳɚɹ ɨɬ ȼɆɊ ɢ ɯɚɪɚɤɬɟɪɢɡɭɟɬ
ɧɟɩɪɨɩɚɞɚɧɢɟɤɨɞɨɜɧɚɜɵɯɨɞɟȺɐɉ 
± ɚɩɟɪɬɭɪɧɭɸɩɨɝɪɟɲɧɨɫɬɶܧ௔௣ ɞɠɢɬɬɟɪȺɐɉ
± ɷɬɨ ɧɟɨɩɪɟɞɟɥɺɧɧɨɫɬɶ ɚɦɩɥɢɬɭɞɵ ɦɝɧɨɜɟɧɧɨɝɨ
ɡɧɚɱɟɧɢɹ ɫɢɝɧɚɥɚ ɢɡ-ɡɚ ɤɨɧɟɱɧɨɝɨ ɜɪɟɦɟɧɢ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɚɧɚɥɨɝɨɜɨɝɨɫɢɝɧɚɥɚɜɰɢɮɪɨɜɨɣ[2]. 
ɉɟɪɟɱɢɫɥɟɧɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ
ɦɨɝɭɬɫɥɭɠɢɬɶɨɫɧɨɜɨɣɞɥɹɪɚɫɱɟɬɚɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ
ɢɡɦɟɪɟɧɢɣ ɩɪɨɢɡɜɨɞɢɦɵɯ ɫ ɩɪɢɦɟɧɟɧɢɟɦ Ⱥɐɉ ɢ
ɫɨɫɬɚɜɥɹɬɶ ɨɫɧɨɜɭ ɛɸɞɠɟɬɚ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ
ɢɡɦɟɪɟɧɢɣ ɤɚɤ ɫɜɨɞɧɨɣ ɬɚɛɥɢɰɵ ɫɨɫɬɚɜɥɹɸɳɢɯ
ɫɭɦɦɚɪɧɨɣ ɫɬɚɧɞɚɪɬɧɨɣ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ
ɢɡɦɟɪɟɧɢɣ 
Ɋɚɫɫɦɨɬɪɢɦ ɨɰɟɧɤɭ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ
ɪɟɡɭɥɶɬɚɬɨɜ ɢɡɦɟɪɟɧɢɣ Ⱥɐɉ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ 
$7PHJD ɜ ɫɨɨɬɜɟɬɫɬɜɢɹ ɫ ɪɟɤɨɦɟɧɞɚɰɢɹɦɢ ɩɨ
ɨɰɟɧɤɟɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɟɣ 
Ⱥɐɉ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ $7PHJD
ɩɪɟɞɧɚɡɧɚɱɟɧ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɣ
ɚɧɚɥɨɝɨɜɨɝɨ ɫɢɝɧɚɥɚ ɜ ɢɡɦɟɪɢɬɟɥɶɧɵɣ ɜ ɲɢɪɨɤɨɦ
ɞɢɚɩɚɡɨɧɟɜɧɟɲɧɢɯɭɫɥɨɜɢɣɋɨɝɥɚɫɧɨɫɩɟɰɢɮɢɤɚɰɢɢ
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɭɫɬɨɣɱɢɜɨ ɪɚɛɨɬɚɟɬ ɩɪɢ ɜɧɟɲɧɢɯ
ɬɟɦɩɟɪɚɬɭɪɚɯ TA ɨɬ ɦɢɧɭɫ  & ɞɨ   ɋ ɢ
ɲɢɪɨɤɨɦɞɢɚɩɚɡɨɧɟɧɚɩɪɹɠɟɧɢɹɩɢɬɚɧɢɹVCCɨɬɞɨ
 ȼ ɨɛɟɫɩɟɱɢɜɚɹ ɞɨɫɬɚɬɨɱɧɭɸ ɬɨɱɧɨɫɬɶ ɨɩɨɪɧɨɝɨ
ɧɚɩɪɹɠɟɧɢɹVREFɞɥɹɤɨɦɩɚɪɚɬɨɪɚȺɐɉ 
Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ ɩɨɡɜɨɥɹɟɬ ɜɵɩɨɥɧɹɬɶ -ɬɢ 
ɛɢɬɧɨɟ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɟ ɩɪɟɨɛɪɚɡɨɜɚɧɢɟ Ⱦɟɫɹɬɢ
ɛɢɬɧɵɣ ɨɞɧɨɤɪɢɫɬɚɥɶɧɵɣ Ⱥɐɉ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ
ɩɪɟɨɛɪɚɡɭɟɬ ɧɚɩɪɹɠɟɧɢɟɨɬ GND ɞɨȼ VREF ɡɚ
1 ɲɚɝɨɜ LSB ɉɨɝɪɟɲɧɨɫɬɢ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɝɨ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɜ ɞɨɤɭɦɟɧɬɚɰɢɢ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ
ɩɪɢɜɟɞɟɧɵɩɨɨɬɧɨɲɟɧɢɸɜLSBɤɨɬɨɪɨɟɦɨɠɟɬɛɵɬɶ
ɜɵɱɢɫɥɟɧɨɩɨɮɨɪɦɭɥɟ 
 ܮܵܤ ൌ ௏ೃಶಷଶಿ , 
 
ɝɞɟ N ± ɪɚɡɪɹɞɧɨɫɬɶȺɐɉ 
 VREF ± ɨɩɨɪɧɨɟɧɚɩɪɹɠɟɧɢɟ 
ɇɢɡɲɢɣɤɨɞɫɨɨɬɜɟɬɫɬɜɭɟɬɜɜɵɫɲɢɣN-1. 
ɉɨɫɤɨɥɶɤɭȺɐɉɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ$7PHJD
ɪɚɛɨɬɚɟɬ ɩɨ ɩɪɢɧɰɢɩɭ ɩɨɫɥɟɞɨɜɚɬɟɥɶɧɨɝɨ
ɩɪɢɛɥɢɠɟɧɢɹ ɬɨ ɜɪɟɦɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɛɭɞɟɬ
ɫɭɳɟɫɬɜɟɧɧɨ ɡɚɜɢɫɟɬɶ ɨɬ ɜɟɥɢɱɢɧɵ ɚɧɚɥɨɝɨɜɨɝɨ
ɫɢɝɧɚɥɚ ȼɪɟɦɹ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ± ɷɬɨ ɜɪɟɦɹ ɡɚ
ɤɨɬɨɪɨɟ ɧɚ ɜɵɯɨɞɟ Ⱥɐɉ ɩɨɹɜɥɹɟɬɫɹ ɭɫɬɨɣɱɢɜɵɣ ɤɨɞ
ɫɨɨɬɜɟɬɫɬɜɭɸɳɢɣ ɜɯɨɞɧɨɦɭ ɫɢɝɧɚɥɭ Ⱦɥɹ
ɪɚɫɫɦɚɬɪɢɜɚɟɦɨɝɨ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ ɷɬɚ ɜɟɥɢɱɢɧɚ
ɛɭɞɟɬɥɟɠɚɬɶɜɩɪɟɞɟɥɚɯ«ɦɫɑɚɫɬɨɬɚɜɵɛɨɪɤɢ
ɡɧɚɱɟɧɢɹ ɩɪɢ ɦɚɤɫɢɦɚɥɶɧɨɦ ɡɧɚɱɟɧɢɢ ɜɯɨɞɧɨɝɨ
ɫɢɝɧɚɥɚN636 
Ɇɢɤɪɨɤɨɧɬɪɨɥɥɟɪ $7PHJD ɢɦɟɟɬ ɜɨɫɟɦɶ
ɦɭɥɶɬɢɩɥɟɤɫɢɪɨɜɚɧɧɵɯ ɧɟɫɢɦɦɟɬɪɢɱɧɵɯ ɜɯɨɞɧɵɯ
ɤɚɧɚɥɨɜ Ⱥɐɉ ȼ ɞɚɧɧɨɣ ɪɚɛɨɬɟ ɪɚɫɫɦɚɬɪɢɜɚɟɬɫɹ
ɪɚɫɱɟɬɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢɢɡɦɟɪɟɧɢɣɩɪɢɜɵɩɨɥɧɟɧɢɢ
ɢɡɦɟɪɟɧɢɣ ɨɞɧɢɦ ɤɚɧɚɥɨɦ ɞɥɹ ɩɨɥɭɱɟɧɢɹ
ɢɧɮɨɪɦɚɰɢɢ ɨ ɦɟɞɥɟɧɧɨ ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɨɰɟɫɫɚɯ ɫ
ɱɚɫɬɨɬɨɣɧɟɜɵɲɟɤȽɰ 
ȼɯɨɞɧɨɟ ɫɨɩɪɨɬɢɜɥɟɧɢɟ ɚɧɚɥɨɝɨɜɨɝɨ ɜɯɨɞɚ
ɞɨɫɬɚɬɨɱɧɨ ɜɵɫɨɤɨɟ ±  ɆɈɦ ɞɥɹ ɜɵɩɨɥɧɟɧɢɹ
ɛɨɥɶɲɢɧɫɬɜɚɢɡɦɟɪɟɧɢɣ 
ȼ ɬɚɛɥɢɰɟ  ɩɪɢɜɟɞɟɧɧɵɟ ɩɨɝɪɟɲɧɨɫɬɢ Ⱥɐɉ
ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ $7PHJD ɭɤɚɡɚɧɵ ɞɥɹ
ɧɚɩɪɹɠɟɧɢɹ ɩɢɬɚɧɢɹ Vɋɋ ɪɚɜɧɨɝɨ  ȼ ɢ ɨɩɨɪɧɨɝɨ
ɧɚɩɪɹɠɟɧɢɹȺɐɉVREF ɪɚɜɧɨɦ ȼ ɬɚɤɬɨɜɨɣ ɱɚɫɬɨɬɟ
ADCclock ɪɚɜɧɨɣɤȽɰ>9].  
 
Ɍɚɛɥɢɰɚ  ± ɉɨɝɪɟɲɧɨɫɬɢ Ⱥɐɉ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ
ATmega164 
 
ɉɨɝɪɟɲɧɨɫɬɶɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɇɟɛɨɥɟɟɨɬ/6% 
ɂɧɬɟɝɪɚɥɶɧɚɹ
ɧɟɥɢɧɟɣɧɨɫɬɶ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ
(INL)  
 
 
1,1 
Ⱦɢɮɮɟɪɟɧ-
ɰɢɚɥɶɧɚɹ
ɧɟɥɢɧɟɣɧɨɫɬɶ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ
(DNL) 
 
0,3 
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ɉɨɝɪɟɲɧɨɫɬɶɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɇɟɛɨɥɟɟɨɬ/6% 
ɉɨɝɪɟɲɧɨɫɬɶ
ɭɫɢɥɢɬɟɥɹGE) 
 
1,6 
ɉɨɝɪɟɲɧɨɫɬɶ
ɫɦɟɳɟɧɢɹOE) 
 
ɦɢɧɭɫ
1,5 
ɉɨɝɪɟɲɧɨɫɬɶ
ɤɜɚɧɬɨɜɚɧɢɹ
(QE) 
 
0,5 
 
ɉɨɞɚɧɧɵɦɞɨɤɭɦɟɧɬɚɰɢɢɧɚɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪ
ATmega164 [9@ ɬɟɦɩɟɪɚɬɭɪɚ ɨɤɪɭɠɚɸɳɟɣ ɫɪɟɞɵ
ɨɤɚɡɵɜɚɟɬ ɧɟ ɫɭɳɟɫɬɜɟɧɧɨɟ ɜɥɢɹɧɢɟ ɧɚ
ɜɨɥɶɬɚɦɩɟɪɧɭɸ ɯɚɪɚɤɬɟɪɢɫɬɢɤɭ ɦɢɤɪɨɤɨɧɬɪɨɥɥɟɪɚ
ɋɥɟɞɨɜɚɬɟɥɶɧɨ ɜɥɢɹɧɢɟɦ ɬɟɦɩɟɪɚɬɭɪɵ ɧɚ
ɩɨɝɪɟɲɧɨɫɬɶ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɨɠɧɨ ɩɪɟɧɟɛɪɟɱɶ Ɍɚɤ
ɠɟ ɜ ɦɟɞɥɟɧɧɨ ɩɪɨɬɟɤɚɸɳɢɯ ɩɪɨɰɟɫɫɚɯ ɦɨɠɧɨ ɧɟ
ɩɪɢɧɢɦɚɬɶ ɜɨ ɜɧɢɦɚɧɢɟ ɚɩɟɪɬɭɪɧɭɸ
ɩɨɝɪɟɲɧɨɫɬɶɸ [10]. 
Ⱦɚɥɶɧɟɣɲɚɹ ɨɰɟɧɤɚ ɫɨɫɬɚɜɥɹɸɳɢɯ
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɫɨɫɬɚɜɥɟɧɢɟ ɛɸɞɠɟɬɚ
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɢ ɪɚɫɱɟɬ ɪɚɫɲɢɪɟɧɧɨɣ 
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɝɨ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɩɪɨɜɟɞɟɧɵ ɫ ɭɱɟɬɨɦ
ɪɟɤɨɦɟɧɞɚɰɢɣ [11]. 
Ɇɚɤɫɢɦɚɥɶɧɨɟ ɡɧɚɱɟɧɢɟ ɩɨɝɪɟɲɧɨɫɬɢ
ɧɟɥɢɧɟɣɧɨɫɬɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɫɜɹɡɚɧɧɵɟ ɫ
ɚɥɝɨɪɢɬɦɨɦɩɪɟɨɛɪɚɡɨɜɚɧɢɹɜȺɐɉɪɚɫɫɱɢɬɵɜɚɟɦɢɡ
ɭɫɥɨɜɢɹ ɧɚɢɯɭɞɲɟɝɨ ɜɨɡɦɨɠɧɨɝɨ ɫɨɱɟɬɚɧɢɹ
ɢɧɬɟɝɪɚɥɶɧɨɣ ɢ ɞɢɮɮɟɪɟɧɰɢɚɥɶɧɨɣ ɧɟɥɢɧɟɣɧɨɫɬɢߜே௅ ൌ ܫܰܮ ൅ ܦܰܮǤ ɇɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɫɜɹɡɚɧɧɭɸ ɫ
ɧɟɥɢɧɟɣɧɨɫɬɶɸɩɪɟɨɛɪɚɡɨɜɚɧɢɹɜɵɱɢɫɥɹɟɦɢɫɯɨɞɹɢɡ
ɡɧɚɱɟɧɢɹ ߜே௅ ɜ ɩɪɟɞɩɨɥɨɠɟɧɢɢ ɨ ɪɚɜɧɨɦɟɪɧɨɦɪɚɫɩɪɟɞɟɥɟɧɢɢɩɨɝɪɟɲɧɨɫɬɢɜɧɭɬɪɢɝɪɚɧɢɰɵ 
ɉɨɫɤɨɥɶɤɭ ɜɟɥɢɱɢɧɚ ɩɨɝɪɟɲɧɨɫɬɢ ߜே௅ɨɩɪɟɞɟɥɹɟɬɫɹ ɜ ɞɨɥɹɯ /6% ɬɨ ɩɨɝɪɟɲɧɨɫɬɶ ɜɢɡɦɟɪɹɟɦɨɣɜɟɥɢɱɢɧɟοே௅ ɛɭɞɟɬɪɚɜɧɚ: 
 οே௅ൌ ߜே௅ ௏ೃಶಷଶಿ . 
 
Ɉɰɟɧɤɭɫɬɚɧɞɚɪɬɧɨɣɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢɩɨɬɢɩɭ
ȼɨɩɪɟɞɟɥɹɟɦɩɨɮɨɪɦɭɥɟ 
 ݑො஻ಿಽ ൌ οಿಽ௄ሺ௣ሻξଷ , 
 
ɝɞɟ K(p)=1,1 ± ɤɨɷɮɮɢɰɢɟɧɬɞɥɹɜɟɪɨɹɬɧɨɫɬɢS  ɢ
ɞɥɹɜɟɪɨɹɬɧɨɫɬɢS 0,99 K(p)=1,4 
ɋɭɦɦɚɪɧɚɹɩɨɝɪɟɲɧɨɫɬɶɭɫɢɥɟɧɢɹɢɫɦɟɳɟɧɢɹ ߜீை ɜɵɯɨɞɧɨɝɨ ɤɨɞɚ ɨɬɧɨɫɢɬɟɥɶɧɨ ɜɯɨɞɧɨɝɨ ɫɢɝɧɚɥɚ ߜீை ൌ ܩܧ ൅ ܱܧ. Ɉɰɟɧɤɭɫɬɚɧɞɚɪɬɧɨɣɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢɩɨɬɢɩɭ
ȼ ɫɜɹɡɚɧɧɨɣ ɫ ɭɫɢɥɟɧɢɟɦ ɢ ɫɦɟɳɟɧɢɟɦ ɨɩɪɟɞɟɥɹɟɦ
ɚɧɚɥɨɝɢɱɧɵɦɫɩɨɫɨɛɨɦ: 
 οீைൌ ߜீை ௏ೃಶಷଶಿ ;   ݑො஻ಸೀ ൌ οಸೀ௄ሺ௣ሻξଷ . 
 
Ⱥɛɫɨɥɸɬɧɵɟ ɝɪɚɧɢɰɵ ɲɭɦɚ ɤɜɚɧɬɨɜɚɧɢɹ
ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɝɨ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɪɚɜɧɵ 
ɩɨɥɨɜɢɧɟɡɧɚɱɟɧɢɹɦɥɚɞɲɟɝɨɪɚɡɪɹɞɚ: 
 οொൌ ଵଶ ܮܵܤ. 
 
ɇɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ɤɜɚɧɬɨɜɚɧɢɹ ݑொ 
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹ ɪɚɜɧɚ ɝɪɚɧɢɰɟ ɩɨɝɪɟɲɧɨɫɬɢ
ɤɜɚɧɬɨɜɚɧɢɹ ɞɟɥɟɧɧɨɣ ɧɚ ɤɨɷɮɮɢɰɢɟɧɬ ɨɯɜɚɬɚ ɞɥɹ
ɪɚɜɧɨɦɟɪɧɨɝɨɡɚɤɨɧɚɪɚɫɩɪɟɞɟɥɟɧɢɹ>11]: 
 ݑொ ൌ οೂξଷ . 
 
ȼ ɬɚɛɥɢɰɟ  ɩɪɢɜɟɞɟɧ ɛɸɞɠɟɬ
ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɚɧɚɥɨɝɨɜɨ-ɰɢɮɪɨɜɨɝɨ
ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɫɨɝɥɚɫɧɨɪɟɤɨɦɟɧɞɚɰɢɹɦ>11]. 
 
Ɍɚɛɥɢɰɚ  ± Ȼɸɞɠɟɬ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɢ ɚɧɚɥɨɝɨɜɨ-
ɰɢɮɪɨɜɨɝɨɩɪɟɨɛɪɚɡɨɜɚɧɢɹ 
 
ȼɯɨɞɧɵɟ
ɜɟɥɢɱɢɧɵ 
Ɉɰɟɧɤɢ
ɜɯɨɞ-
ɧɵɯ
ɜɟɥɢɱɢ
ɧ 
ɋɬɚɧɞɚɪɬɧɚɹɧɟ-
ɨɩɪɟɞɟɥɟɧɧɨɫɬɶ 
Ɋɚɫɩɪɟ-
ɞɟɥɟɧɢɹ
ɜɟɪɨɹɬ-
ɧɨɫɬɟɣ 
ȼɵɯɨɞɧɨɣ
ɤɨɞɩɪɟ-
ɨɛɪɚɡɨɜɚ-
ɧɢɹVX) 
«ȼ  
 
ɉɨɝɪɟɲ-
ɧɨɫɬɶ
ɧɟɥɢɧɟɣ-
ɧɨɫɬɢ
ɩɪɟɨɛɪɚ-
ɡɨɜɚɧɢɣ 
± ݑො஻ಿಽ ൌ οே௅ܭሺ݌ሻξ͵ 
Ɋɚɜɧɨ-
ɦɟɪɧɨɟ 
ɉɨɝɪɟɲ-
ɧɨɫɬɶ
ɫɦɟɳɟɧɢɹ
ɢɭɫɢɥɟɧɢɹ 
± ݑො஻ಸೀ ൌ οீைܭሺ݌ሻξ͵ Ɋɚɜɧɨ-ɦɟɪɧɨɟ 
ɉɨɝɪɟɲ-
ɧɨɫɬɶ
ɤɜɚɧɬɨɜɚ-
ɧɢɹ 
± ݑொ ൌ οொξ͵ Ɋɚɜɧɨ-ɦɟɪɧɨɟ 
Y «ȼ ݑሺݕሻ Ɋɚɜɧɨ-ɦɟɪɧɨɟ 
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ɋɭɦɦɚɪɧɚɹ ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶ ݑ௦ ɜɵɯɨɞɧɨɝɨɤɨɞɚɨɩɪɟɞɟɥɹɟɦɩɨɮɨɪɦɭɥɟ 
 ݑሺݕሻ ൌ ඥσ ݑ௜ଶሺݕሻ௠௜ୀଵ , 
 ݑ௦ ൌ ටቀ οಿಽ௄ሺ௣ሻξଷቁଶ ൅ ቀ οಸೀ௄ሺ௣ሻξଷቁଶ ൅ ቀοೂξଷቁଶ. 
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 ฬݑଶሺݕሻݑଵሺݕሻฬ ݇஻ 
« 1,94 
0,9 1,93 
0,6 1,92 
0,5 1,90 
0,4 1,87 
0,3 1,82 
0,2 1,75 
0,1 1,68 
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ɧɟɨɩɪɟɞɟɥɟɧɧɨɫɬɶɩɨɮɨɪɦɭɥɟ>11]: 
 ܷ ൌ ݇஻ݑ௦ሺܻሻ. 
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